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ABSTRACT 

A detailed kinematic analysis of ionized gas in the nearby irregular galaxy NGC 4449 is 
presented. Observations are conducted in the spectral lines of Ha and [S II]. Our scanning 
Fabry-Perot interferometric observations are presented from both a global as well as a local 
perspective. We have analysed the global velocity field, the spatially extended diffuse gaseous 
component (DIG), the H II region populations, and, furthermore, have determined the rotation 
curve based on the heliocentric radial velocities of the global Ha spatial distribution. 

Our results for NGC 4449 show that the optical velocity field has a decreasing value in radial 
velocity along the optical bar from NE to SW, presenting an anticorrelation relative to the outer 
velocity field of the H I component. This is in agreement with previous studies. The DIG 
component that permeates the entire galaxy was analysed (up to a limiting surface brightness of 
~ 3.165 x 10~ 5 ergs cm" 2 s" 1 steradian -1 ) in terms of its radial velocity field as well as its velocity 
dispersions. We find that the diffuse gas component presents peculiar kinematical features such 
as abrupt velocity gradients and highly supersonic velocity dispersions [a ~ 4 times the values of 
the nearest H II regions) but that its kinematical and dynamical influence is important on both 
global and local scales. The optical rotation curve of this nearby irregular shows that the NE 
sector rotates like a solid body (V ro t ~40 km s _1 at R =2 kpc). In contrast, for the SW side, our 
results are not conclusive; the behavior of the gas at those locations is chaotic. We conclude that 
the origin of such complex kinematics and dynamics is undoubtedly related to the aftermath of 
an interaction experienced by this galaxy in the past. 

Subject headings: galaxies: irregular - galaxies: individual (NGC 4449) - galaxies: kinematics and 

1. Introduction 

In terms of frequency of occurrence, the most 
common morphology for galaxies in the Universe 
are the Irregular (Irr) strain (Gallager & Hunter 
1984). Irregulars may serve as morphological 
Rosetta stones bridging the low and high redshift 
Universe (Block et al. 2001). Historically, draw- 
ings of Irrs may be found as early as 1847 (the 
Large Magellanic Cloud, classified by Hubble as 
an irregular, was sketched by Sir John Herschel in 
that year). When imaged in the near-infrared, a 
handful of irregulars betray a magnificent - albeit 
weak - spiral density wave; examples are NGC 
5195 and NGC 922 (the latter galaxy even shows 
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spiral arm modulation). Generally, however, there 
is no decoupling of the Population I and Popula- 
tion II disks; many optical irregulars remain irreg- 
ular in the near-infrared. One of the most intrigu- 
ing questions yet to be answered is exactly what 
triggers/drives the formation of stars in galaxies. 

Here the Irr species offer unprecedented op- 
portunities, for they are excellent laboratories in 
which one can examine the star formation pro- 
cess -and its influence on the interstellar medium 
(ISM)- often in the complete absence of spiral 
density waves. Furthermore, the existence of fos- 
sil interacting features in some of these galaxies 
makes them worthy of detailed study (Hunter et 
al. 2000a). The global study of the kinematical 
behavior of the gas in such environments is dy- 
namically important. The presence of embedded 
superbubbles, giant H II regions, filaments, super- 
nova remnants (SNRs) and their combined effects, 
makes the global velocity field of irregular galaxies 
both stimulating and important to analyze. 

The face of the galaxy NGC 4449, a nearby 
Magellanic type Irr galaxy, is highly peculiar, with 
Ha streamers and filaments everywhere. Not only 
does NGC 4449 present giant H II regions, but 
also a SNR, superbubbles, and a diffuse emission 
(which embraces almost the entire optical bound- 
ary). The faint Ha filament population alluded to 
above is intriguing; the filaments delineate the in- 
ner edge of a 2 kpc diameter H I supershell (Hunter 
& Gallagher 1997) located at the northwest side 
of the main optical body. At other wavelengths, 
there is a body of evidences suggesting a close con- 
nection between the diffuse nebulae, the diffuse 
emission and the X-ray emission from the cen- 
ter to the west of the main body (Delia Ceca et 
al. 1997; Voglcr & Pictsch 1997; Bomans et al. 

1997) . As in the Large Magellanic Cloud, the 
galaxy NGC 4449 presents a bar-like morphology; 
it is located at a distance of 3.7 Mpc (Bajaja et 
al. 1994). NGC4449 is not isolated in the sky; it 
is a member of the CVn I Cloud which includes 
a number of Im dwarfs and galaxies such as NGC 
4214, NGC 4244 and IC 4182. For a list of relevant 
parameters, the reader is referred to Table 1. 

NGC 4449 shows an unusually rich distribu- 
tion of blue supergiant stars at its northern pe- 
riphery (Hunter 1997); this conclusion has been 
enhanced by ultraviolet (UV) imaging (Hill et al. 

1998) . The UV results indicate that the UV- 



cmitting populations (OB complexes) lie in the 
northern part of NGC 4449, while direct propa- 
gation of star formation appears possible south of 
the bar. The latter conclusion was reached using 
the Ha/FUV(223lA) ratio, from which age esti- 
mations of the OB complexes of this galaxy were 
derived, indicative of gradients in stellar age. The 
direct propagation of star formation in NGC 4449 
places this galaxy as one of a handful -besides our 
Galaxy, M82 (Satyapal et al. 1997) and a couple of 
LMC OB associations and nebulae (Parker et al. 
1992; Laval et al. 1992; Rosado et al. 1996)- where 
sequential star formation has been discerned and 
measured (Hill et al. 1998). 

The morphological and dynamical peculiarities 
in NGC 4449 are also reflected in its H I and ion- 
ized gas contents. The neutral gas in the outer 
parts of NGC 4449 (van Woerden et al. 1975; 
Hunter et al. 1998) seems to be counter rotating 
relative to the ionized gas distributed in the in- 
ner disk (Sabbadin et al. 1984; Valdez-Gutierrez 
et al. 2000). This counter rotation implies the 
co-existence of two physical systems rotating in 
opposite directions in this galaxy. In Irrs, this be- 
havior has only be seen in a few examples: IC 10 
(Shostak & Skillman 1989) and NGC 4449 (Sab- 
badin et al. 1984). As does the LMC, NGC 4449 
has a significant magnetic field, a fact which has 
only recently emerged (Otmianowska-Mazur et al. 
2000; Chyzy et al. 2000). One of the conclusions 
reached in these studies is that the existence of 
a global magnetic field is possible even for small 
values of galactic rotation (v rot < 30 km s _1 ). 

The relatively small distance of NGC 4449 ear- 
marks this specimen for detailed kinematical stud- 
ies. The first Fabry-Perot (FP) interferomctric 
analysis of this galaxy was performed photograph- 
ically with a fixed gap FP etalon by Crillon & 
Monnet (1969), who determined radial velocities 
for the more prominent complexes of H II regions 
in a spatial field of 5x5 arcmin. Other researchers 
who employed scanning FPs to study the kine- 
matics of the gas in NGC 4449 are Malumuth et 
al. (1986), Arsenault & Roy (1988) and Fuentes- 
Masip et al. (2000). The observations in Malu- 
muth et al. (1986) were spatially limited (3 ar- 
cmin square area) and kinematical interpretations 
were aggravated due to a loss of parallelism in 
the etalon plates. Arsenault & Roy (1988) and 
Fuentes-Masip et al. (2000) focused their work on 
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the study of supersonic velocity dispersions in the 
brightest H II regions and those H II regions be- 
longing exclusively to the bar. Finally, conven- 
tional kinematic studies by means of classic, long 
slit spectroscopy for NGC 4449 abound in the lit- 
erature; many projects have been devoted to the 
most prominent H II regions as well as to the fil- 
ament and supcrbubble populations (Sabbadin et 
al. 1984; Hartmann et al. 1986; Hunter & Gal- 
lagher 1997; Martin 1998, and references therein). 

In the present analysis, we revisit the analy- 
sis of the kinematics of the ionized gas in NGC 
4449 as a part of a long term project focused on 
the study of the interrelationship between gas and 
stars in irregular galaxies (Valdez-Gutierrez et al. 
2001; Rosado et al. 2001; Borissova et al. 2000, 
and references therein). This study presents, for 
the first time, a tridimensional kinematical anal- 
ysis of the entire, optical distribution of the ion- 
ized gas in NGC 4449. Earlier studies had been 
undertaken by means of longslit spectroscopy and 
FP intcrferometry, but focused only on localised 
objects (such as ionised hydrogen regions) or oth- 
erwise, in a smaller field of view compared to the 
present work. 

In Section 2 we describe the FP observations 
and data reduction. The global, optical morphol- 
ogy in four optical lines are presented in Section 3, 
as is a statistical analysis of the H II region popu- 
lation. The kinematics of local (H II regions) and 
global scale features (diffuse ionized gas, global ve- 
locity field) are discussed in Section 4. Section 5 
is devoted to dynamical results - as deduced from 
our optical rotation curve. In Section 6 we com- 
pare our kinematical results with published H I 
ones. Finally, in Section 7, we present our conclu- 
sions. 

2. Observations and Data Reduction 

The observations were carried out during four 
runs with the UNAM Scanning Fabry-Perot inter- 
ferometer PUMA, attached to the f/7.9 Ritchey- 
Chretien focus of the 2.1 m telescope at the Ob- 
servatorio Astronomico Nacional at San Pedro 
Martir, B.C., Mexico. The log of the observations 
is described in Table 2. 

The PUMA setup is composed of a scanning FP 
interferometer, a focal reducer with a f/3.95 cam- 
era, a filter wheel, a calibration system and a Tek- 



tronix lKxlK CCD detector (Rosado et al. 1995). 
Other components of the instrumental setup used 
in each run, arc the same as described in Table 
2 of Valdez-Gutierrez et al. (2001). Depending 
on the CCD reading (bin = 1, 2 or 4), the pixel 
size is 0'/58, l'/17 or 2734, respectively. At our 
assumed distance (see Table 1), the pixel linear- 
size is equivalent to 10.5, 21 and 42 pc, respec- 
tively. A 10' field of view is spanned, embracing 
the entire optical extent NGC 4449 out to the de 
Vaucouleurs 25 mag arcsec -2 isophote. 

We obtained a set of direct images -in three 
runs- in the lines of Ha, [S II] (A 6717, 6731 
A), [N II] (A 6584 A) and [O III] (A 5007 A) 
using the PUMA in its direct image mode, i.e. 
without the FP on the optical axis. For their 
calibration, we have observed, under the same 
conditions, the spectrophotometric standard star 
BD+25°3941 (Barnes & Hayes 1982). In the 
fourth run we exclusively used the Ha filter for di- 
rect imaging: see Section 3 and Table 2 for more 
details of these observations. In the third run, 
the seeing in the direct images of NGC 4449 - 
images which were later used to perform our flux 
calibration- was of the order of 2" (FWHM). 

In addition, we have obtained scanning FP data 
cubes in the lines of Ha and [S II] . The FP data 
cubes are composed of 48 steps covering the en- 
tire spectral range, with integration times of 60 
seconds per step. In this configuration, the final 
data cubes had dimensions of 512x512x48 (after 
applying a binning of two). We have obtained 2 
data cubes per filter; the total exposure time was 
1.6 hours in each case. The measured seeing in 
these data cubes is of the order of 2'.' 7 (FWHM). 

FP data reductions (phase calibration and kine- 
matical analysis) were carried out in the same 
manner as in Valdez-Gutierrez et al. (2001), 
mainly using the software package CIGALE (Le 
Coarer et al. 1993). The photometry was per- 
formed under IRAF 6 . Our data cubes in Ha are 
contaminated with night-sky lines such as the 
lines of OH at 6568.78 A and 6568.77 A. These 
night-sky lines fall inside the main emission of 
NGC 4449, centered at channel 14 or at the he- 

6 IRAF is distributed by the National Optical Astronomy 
Observatories, operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agree- 
ment with the National Science Foundation. 
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liocentric velocity +295 km s -1 (in the rcdshifted 
wing of single velocity profiles). Such night-sky 
lines have been subtracted using an interactive 
routine of CIGALE and consequently our radial 
velocity dispersions are free of them. The [S II] 
data cubes are less contaminated by night-sky 
lines; however, the S/N ratio is not as good as for 
the Ha cubes and are only used to compare and 
to complement the Ha observations. 

To extract the kinematic information from the 
FP data cubes, we adopt the same methodology 
described in Valdez-Gutierrez et al. (2001). The 
radial velocity profiles were fitted by Gaussian 
functions once deconvolved with the instrumental 
function (an Airy function). We also constructed 
a set of maps, or moment maps. The first mo- 
ment is given by the radial velocity map, which 
CIGALE calculates by finding the barycentcr in 
the radial velocity profile of each pixel. Cleaning 
this map at 2 a times the value of the standard 
background emission, ensures that the remaining 
features are galactic. The second moment map or 
the velocity dispersion map, was derived using the 
Adhoc package (Boulesteix 1993). Besides our mo- 
ment maps, CIGALE obtained a monochromatic 
map after integration of the radial velocity profile 
(velocity versus intensity along the 48 channels) 
of each pixel, up to a certain fraction of the peak 
(usually 70%). This map enables us to separate 
the monochromatic emission from the continuum 
(Le Coarer et al. 1993). 

2.1. Photometric Calibration 

To accomplish the flux calibration of our Ha 
data, the direct images of the standard star 
BD+25°3941 and the direct images of the galaxy 
(see previous Section and Table 2 for details) were 
reduced and analysed in the usual way. In this 
manner, our conversion factor (to secure absolute 
calibrated surface brightnesses) was: 1 count s _1 
pix -1 = 1.266xl0~ 4 erg cm~ 2 s _1 stcradian -1 , 
which in units of flux is: 1.018xl0~ 15 erg cm~ 2 
s _1 . For images binned by a factor of two, 1 count 
s _1 pix -1 corresponds to 3.165xl0 -5 erg cm~ 2 
s _1 steradian -1 . 

Given that NGC 4449 presents a conspicuous 
diffuse component pervading almost all of its disk 
and taking into account that this component is 
more intense towards the NE-SW bar (Scowen 
1992), we considered it appropriate to subtract 



such diffuse emission only on our direct images, 
in order to determine the H II region diameters 
more accurately. For the datacubes, we used an- 
other scheme to separate the diffuse emission; that 
methodology will be explained in the next section. 

To subtract the diffuse emission in our Ha di- 
rect image of NGC 4449, we used the technique 
(well known in photometry) of median filtering. 
In our case, the best filter was that with a square 
box of 97 pixels. This filter has to be at least 3 
times greater (in spatial area) than the most ex- 
tended feature to be analysed, in order to ensure 
reliable Ha counts (after subtraction of the filtered 
image from the direct one). Once the diffuse emis- 
sion was subtracted, the background was removed 
at 3 u of its mean value, to ensure galactic mem- 
bership of the remaining features. The resulting 
image is shown in Figure 1. However, some local 
background persisted, especially at the bar, where 
the crowding is high. This effect can be seen in 
our Figure 1 and Figure 7 in Fuentes-Masip et al. 
(2000). 

The next step was to define the H II region 
boundaries. Later, these were used as aper- 
tures from which our photometry was performed. 
Polygonal apertures were chosen so as to contain 
all emission from a given H II region (Figure 2). 
Special care was taken with objects embedded in 
crowded regions, given that the limits between 
individual H II regions and the local background 
were problematic, even when the diffuse emission 
had been eliminated. In a crowded region (such 
as the bar) the definition of the apertures was car- 
ried out by locally setting a contour map of the 
complex, to determine the relative contribution 
of each embedded H II region. Pixels within the 
apertures were then summed to generate the total 
area and the total counts for every H II region. 
The total Ha flux for each H II region was ob- 
tained by multiplying the resulting counts by the 
calibration conversion factor. 

Our resulting Ha fluxes for the H II regions are 
presented in column 4 in Table 3. The uncertainty 
in the derived fluxes of crowded regions ranges 
from ±10% for the brightest objects, to 30% for 
the faintest H II regions. The lowest and highest 
levels for which we have reliable data in our cat- 
aloged H II regions are: 1.9xl0 37 and 3.38xl0 39 
erg s _1 , respectively; these values correspond to a 
surface brightness of 6.309xl0~ 5 and 1.047xl0~ 3 
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erg cm~ 2 s -1 steradian" 1 . The lowest value cor- 
responds to our region M92, and the highest one 
is found in our region M32. The Ha luminosity of 
the latter region (M32) is approximately 1/5 that 
of the Ha luminosity for 30 Doradus (1.5xl0 40 erg 
s _1 ) and two orders of magnitude brighter than 
the Orion Nebula -Messier 42, 10 37 erg s _1 , see 
Kennicutt (1984). 

At first glance, it may appear that removal of 
diffuse emission would help us to assign definite di- 
ameters to areas of interest (e.g., ionised hydrogen 
regions) and hence compute fluxes coming from 
each such region of interest, but there are com- 
plexities, as discussed below. 

Our Ha fluxes free of diffuse emission were com- 
pared against that obtained by Fuentes-Masip et 
al. (2000), who also removed the diffuse emission 
in their work. Fuentes-Masip values resulted in 
brighter ones than ours, by an amount of ^60% 
in the most extreme case, in spite of their diam- 
eters being smaller than ours. Also, our best fit 
to Fuentes-Masip falls on a regression line parallel 
to the diagonal (slopes 0.7). Hence, in order to 
explore the importance as to whether we should 
subtract the diffuse emission in the H II region 
photometry, we compared the fluxes obtained by 
Hill et al. (1998) (diffuse emission included) against 
those of Fuentes-Masip (free of diffuse emission). 
The chosen H II regions were SB89, 108, 114, 133, 
and 208. The difference in log (L) was 0.6 in the 
worst case, with the Fuentes-Masip values always 
brighter than Hill's; recall that Hill's apertures 
were larger, and had diffuse emission included. In 
the light of such results, we decided it appropriate 
to apply our polygonal apertures (defined with- 
out diffuse emission) on the monochromatic im- 
age (diffuse emission included and transformed to 
bin=l) and to compute fluxes. 

Our flux determinations were compared against 
published data by Hunter (1982), Scowcn (1992) 
and Fuentes-Masip et al. (2000). The regions cho- 
sen to compare were selected from Sabbadin & 
Bianchini (1979) and Crillon & Monnet (1969) 
lists. They also were chosen to be relatively iso- 
lated, round and intense (especially in the case 
when a region was embedded in the bar). Fig- 
ure 3 shows the comparison. In this figure it 
can be seen that our fluxes are in excellent agree- 
ment with those of Hunter (1982), for two bright 
H II complexes at the bar. Our discrepancies with 



Scowen (1992) probably are given by the uncer- 
tainty in the positions of the apertures. With re- 
spect to Fuentes-Masip et al. (2000), our compar- 
ison to their values results in a fit with a slope 
value (b=0.99) parallel to the diagonal, where the 
Fuentes-Masip values are in general, brighter than 
ours. The correlation (r^0.9) found in such fit, 
is high. This fact points towards the homogene- 
ity in our data and a systematic effect produced 
by the Fuentes-Masip method of subtracting the 
diffuse emission and the influence of such effect in 
the acquisition of their fluxes. 

To obtain luminosities, our fluxes were cor- 
rected for galactic foreground extinction, even 
though in the direction of NGC 4449, it is neg- 
ligible: As=0.2 mag (de Vaucouleurs et al. 1976; 
Burstein & Heiles 1978). The effects of internal ex- 
tinction were not taken into account; they are not 
crucial in kinematical studies (Hippelein 1986). 

2.2. Definition of the Apertures in the FP 
Data 

The H II region apertures -rectangular boxes 
in this case- in which the kinematical analysis 
was performed, were assigned using different crite- 
ria compared to the scheme followed in the direct 
imaging mode. The reason is due to the fact that 
we did not want to apply any filtering technique 
on our datacubes to eliminate the diffuse emis- 
sion. This could otherwise introduce a systematic 
effect over the continuum level at each pixel, as a 
consequence of such filtering. Therefore, as a first 
step -as is customary in the analysis of FP data- 
the boundaries were determined checking all the 
velocity maps in which emission was detected for 
a given H II region. In this way, by inspecting 
each 0.41 A we were sure that contamination by 
diffuse emission was not important. Moreover, we 
only took as 'valid' detections, only those detected 
in two successive velocity maps. 

In order to check if our FP box boundaries were 
effectively free (and not contaminated) by diffuse 
emission, we superimposed our FP boxes on the 
FP monochromatic image in which the H II re- 
gions were clearly delineated (such monochromatic 
images were cleaned of diffuse emission, as previ- 
ously described in subsection 2.1). We next super- 
imposed our FP boxes on the filtered direct image. 
The comparison was highly satisfactory; only in 
some cases did we need to marginally redefine our 
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boxes. For some H II regions embedded in the bar, 
we secured local contours to examine the relative 
contribution of the different components and in 
this way, to assign our box boundaries. The boxes 
are shown in Section 4.2. 

The resulting catalog of kinematic properties 
(Table 4) differs from that in Table 3; this may 
be ascribed to different binnings in each case (see 
Table 2 for details). 

3. Global Morphology of the Ionized Gas 
in NGC 4449 

Figure 4 shows the emission of NGC 4449 in 
the lines of Ha, [S II], [N II] and [O III] as ob- 
tained from our direct images in the second run 
(see Section 2 and Table 2 for more details). In 
these images it can be seen that the dimensions of 
the galaxy's main body -at the adopted distance- 
are approximately 4.'4 or 4.8 kpc and 2.'7 or 3 kpc 
for its major and minor axes (not shown), respec- 
tively. Seen at these large scales, the Ha and 
[O III] global emission of NGC 4449 appears to 
be mainly concentrated toward the south, where 
copious numbers of H II region complexes, super- 
bubbles and filaments are found. However, the 
presence of filaments and superbubbles is not re- 
lated exclusively to the main body: an "arc" of 
emission is visible at the west from the photomet- 
ric center as far as 2'.6 or 2.8 kpc. Such a feature is 
referred to in other works as arc 156-157 (Scowen 
1992) or SGS3 (Bomans et al. 1997), and it is bet- 
ter seen in Ha and [S II] . 

The most prominent spatial extent of emis- 
sion NGC 4449 is located, in projection, along 
the bright bar - which extends from NE to SW 
and whose morphology is conspicuous in all the 
filters. Along the bar lies a hugely strong con- 
tinuum whose location corresponds to the photo- 
metric center. This feature has been referred to 
as a "nucleus" and its nature has been recently 
analysed by Boker et al. (2001) and Gelatt et al. 
(2001). The results of these works points towards 
the existence of a young super star-cluster embed- 
ded at that location: a fact which is possibly re- 
lated to the previous interactions suffered by this 
galaxy. Moreover, the bar possesses a pervasive 
diffuse ionized gas component. This diffuse gas 
also embraces almost the entire optical extent of 
the galaxy, as we have already alluded to. 



To the north of NGC 4449, the bright com- 
plexes CM46 and CM39 (Crillon & Monnet 1969) 
emit more strongly in Ha, [S II] and [O III] com- 
pared to [N II], where they look dimmer. The SNR 
previously reported (Seaquist & Bignell 1978; Bal- 
ick & Heckman 1978, also known as H II region 
SB187) is located in our images at the SW bor- 
der of our region M77 or V61 (see Tables 3 and 
4) and appears brighter in [O III] than in Ha. In 
our region M77(V61) the H II regions SB185 and 
SB187 (Sabbadin & Bianchini 1979) look almost 
blended and embedded in a diffuse emitting re- 
gion. At the borders of this H II complex, the 
presence of the superbubble SB2 (Bomans et al. 
1997) or NGC 4449-D (Martin 1998) is unmistak- 
able as suggested by the complexity of the radial 
velocity field at that locale. Apart from the fea- 
tures above, the galaxy appears to have a fuzzy 
morphology in the lines of [S II] and [N II], given 
that the continuum has not been subtracted. Nev- 
ertheless, the bar remains as the most distinct fea- 
ture in contrast to other regions with negligible 
emission. 

As far as the beautiful and sprawling filaments 
are concerned, these emerge in the Ha and [O III] 
filter images at first glance, as opposed through 
the [S II] and [N II] filters, where they are not 
well discerned (mainly due to the diffuse emis- 
sion). Filament 6 (Hunter & Gallagher 1997) and 
the bulk of filaments already reported (Bomans et 
al. 1997, and references therein), are indeed promi- 
nent in our Ha direct image. In the [O III] image, 
the number of resolved filaments (Bomans et al. 
1997) is less, but filament 6 remains resolved. 

We also have conducted Ha direct observations 
around the locations where some H I maxima have 
been reported (Hunter et al. 1998). Information 
pertaining to this run is displayed in Tables 2 and 
5. In Table 2, the corresponding frames are indi- 
cated with positions 1, 2 and 3. Our goal was to 
look for traces of star formation at those locales. 
However, we did not find obvious Ha emission at 
these three positions, although we performed an 
unsharp masking treatment in our images. This 
result agrees with the work of Hunter et al. (2000b) 
for positions 2 and 3. At our position 1, there are 
no other published comparisons pertaining to the 
issue of star formation there. 



6 



3.1. The H II Region Population 

The H II regions of NGC 4449 have been cata- 
logued by Crillon & Monnct (1969), Hodge (1969), 
Sabbadin & Bianchini (1979) and Hodge & Kenni- 
cutt (1983). The most extensive catalogue corre- 
sponds to Sabbadin & Bianchini (1979) with 252 
regions. Our identifications are mainly based on 
this work and on the earlier work of Hodge (1969). 

Our observations contain 140 H II regions ac- 
cording to Sabbadin & Bianchini (1979). Two 
other regions not catalogued in this work are de- 
noted in the second column of Table 3 and Ta- 
ble 4, and demarcated as h61 and h66 according 
to Hodge (1969). Futhermorc, regions denoted by 
a "V" letter followed by a number in column 2 
of Table 3, correspond to our sources listed in 
Table 4. The ionised hydrogen regions detected 
by Sabbadin & Bianchini (1979) but not by us 
is due to several possibilities: very weak emission 
(and consequently not detected by us); alterna- 
tively, some were possibly not resolved with our 
telescopic and FP configuration. Another issue is 
blending: in some cases, the boundaries between 
diffuse H II regions being part of one large complex 
were not obvious. In such cases, we assigned them 
with a common boundary. Taking into account 
all these scenarios, only 84 and 101 regions were 
cleanly defined in our monochromatic and direct 
images respectively. 

Table 3 shows the results of our photometry 
performed on the H II regions in NGC 4449. 
Columns 1 and 2 present the identifications of each 
source in this work and in previous ones (Hodge 
1969; Sabbadin & Bianchini 1979, and this work). 
Column 3 shows the equivalent diameter (D), 
which is defined in terms of the area (A) where the 
photometry is performed: A= 7r(D/2) 2 . Column 
4 displays the logarithm of the Ha flux, derived as 
described in Section 2.1. Finally, columns 5 and 6 
show the luminosities and surface brightnesses. 

3.2. The H II Region Luminosity Function 

Figure 5 shows the Ha luminosity function for 
the H II regions in NGC 4449. For several galaxies, 
it has been shown that the brighter luminosity end 
of the H II region luminosity function can be fit- 
ted with a power law in the form: N(L)=AL a dL , 
where N is the number of H II regions with lumi- 
nosity L in an interval of luminosity dL, and the 



slope a is related to the morphological type of the 
galaxy (Kennicutt et al. 1989), ranging from mean 
values of -2.3 (Sab-Sb galaxies) to -1.75 (Irrs). 
It also has been suggested that different ranges 
of the luminosity function are related to different 
kind of objects such as H II regions ionized by sin- 
gle stars compared to those ionized by clusters of 
stars (Hodge et al. 1989; Youngblood & Hunter 

1999) . 

In order to obtain the H II region lumi- 
nosity function, we followed the procedure al- 
ready described in Valdez-Gutierrez et al. (2001). 
For NGC 4449 the bin width was more refined 
than in Valdez-Gutierrez et al. (2001, with 30 
H II regions), and the fit was calculated in bins 
brighter than logL = 38.6, showing a negative 
slope. Composite regions as M87 or M90, were ex- 
cluded in the fit. Our best fit slope for NGC 
4449 gives a = -1.93 ± 0.2. This value is in 
good agreement (within our error bars) with the 
value (a = —1.9) found by Fuentes-Masip et al. 
(2000), and lie within the errors of the mean val- 
ues found for a sample of Irr galaxies studied 
by Kennicutt et al. (1989), Strobel et al. (1991), 
Kingsburgh & McCall (1998) and Youngblood 
& Hunter (1999). These studies were performed 
on six, three, twenty-nine and four Irr galaxies 
respectively; only the work by Kennicutt et al. 
includes NGC 4449. 

3.3. The H II Region Diameter Distribu- 
tion 

The H II region diameter distribution can be 
expressed as: N(> D)=N cxp(—D/D n ), where 
N(> D) is the cumulative function of H II regions 
with diameter larger than D, and Do is the charac- 
teristic diameter. This functional dependence was 
proposed by van den Bcrgh (1981) as an universal 
law for all galaxy types and it has been used to 
study the statistics of the H II region populations 
in combination with the H II region luminosity 
function. However, in a recent work (Pleuss et al. 

2000) , there appears to be a dependence of the 
slope in the distribution function with respect to 
the spatial resolution. Thus, care has to be taken 
with regard to values in slope whose resolution 
data lies under 40 pc FWHM (Pleuss et al. 2000). 

To calculate the distribution we have used the 
diameters of the H II regions measured on the di- 
rect Ha images; these are to be found in column 3 
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in Table 3. According to our definition, the equiv- 
alent diameters range from 38.8 pc (corresponding 
to our region M41) to 184.4 pc (for region M32), 
with a mean value of 89.1±31.6 pc. Our mean 
diameter value is in agreement (within dispersion 
values and within adopted distance uncertainties) 
with a mean value previously reported (Fuentes- 
Masip et al. 2000). Recall that the latter study 
considers only 43 regions and that it also takes 
into account the subtraction of the diffuse emis- 
sion in the determination of diameters. On the 
other hand, the large dispersion found in our mean 
equivalent diameter accounts for the wide range in 
the sizes of the H II regions in this galaxy. 

The resulting cumulative H II region diameter 
distribution N(> D) is shown in Figure 6, where 
we plot logA(> D)vsD. For NGC 4449 a least 
squares fit gives D =1'.'73±0.1 or 31.2±2.1 pc. 
In the calculation we have included the diame- 
ters of H II complexes -not ring shaped- which 
envelop more than one region. This value is in 
agreement with a previously published value by 
Fuentes-Masip et al. (2000) who obtained D =l'!6. 
However, our value differs from that of Hodge 
(1983) and Sabbadin & Bianchini (1979) who 
quoted larger values: D = 5'.'5 and 6'.'2, respec- 
tively. The disagreement here could possibly be 
due to the diffuse emission not being subtracted 
in these studies. To this end, Pleuss et al. (2000) 
suggest that the intrinsic clustering properties of 
the H II regions plus diffuse emission and resolu- 
tion effects, do indeed hamper reliable measure- 
ments of internal quantities (such as luminosities 
and diameters). 

Pertaining to the correlation between Do and 
the absolute magnitude Mb given by Strobel et 
al. (1991): 

logL> = 0.25(±0.29) - 0.098(±0.017)M B , 
when we plot our observational value (logZ? = 
1.5) as well as the resulting value from the above 
equation, logD = 2.06 ±0.3, taking M B = -18.5 
(Schmidt & Boiler 1992), the first value does not 
fit the correlation in Figure 11 in Strobel et al. 
(1991), while the latter does. This supports the 
conclusion of Strobel et al. (1991) and Youngblood 
& Hunter (1999), who analyzed a sample of 29 
Irrs (NGC 4449 not included) and Blue Compact 
Dwarfs, and who highlighted the weakness of this 
correlation. 



4. Kinematical Analysis on Global and Lo- 
cal Scales 

4.1. The Global Velocity Field of NGC 
4449 

In NGC 4449 we detected Ha emission rang- 
ing from 75 to 472 km s _1 in heliocentric radial 
velocities; some velocity channels are displayed in 
Figure 7. Also, the global radial velocity profiles 
for all emission emanating from this galaxy has 
been fitted. The results are displayed in Figure 8. 
In this figure one can immediately see that the 
peak velocity of the whole emission is at channel 
10.5 (or 218 ± 4 km s^ 1 ) with a corrected velocity 
dispersion of 1.7 channels (or 31.5 ± 10 km s _1 ). 
The other curves in that Figure correspond to sky- 
line fittings; curve 3 contributes to the profile in 
our line under study (Ha), and it has been taken 
into account in all calculations determining radial 
velocities and velocity dispersions. The peak ve- 
locity can be considered the systemic velocity of 
the galaxy, and the velocity dispersion can be vi- 
sualized as the representative value of the veloc- 
ity dispersion of all the objects embedded in the 
disk. At this point, we do however caution that 
Ha velocity dispersions are subject to many fac- 
tors which contribute to its broadening. In this 
sense, a better velocity dispersion determination 
can be derived from other forbidden lines. How- 
ever, given the low metallicity of Irrs as a class, the 
Ha line is invariably adopted in FP studies (such 
as this one) due to its relatively high intensity. 

Figure 9 (top and bottom left) shows the global 
radial velocity field of NGC 4449 obtained from all 
the detected Ha emission: H II regions, bubbles, 
filaments, as well as the diffuse emission. Along 
the bar going to the SW, a conspicuous gradual 
decrement in radial velocities can be noticed rang- 
ing from approximately 250 km s _1 in the NE to ~ 
190 km s _1 in the SW. This result is in excellent 
agreement when it is compared against previous 
works (Crillon & Monnet 1969; Sabbadin et al. 
1984; Malumuth et al. 1986; Yoshida et al. 1995). 
We are able to conclude that the gradient in radial 
velocities of the H II gas is indeed in the opposite 
sense compared to the outer H I distribution, as 
was reported in an earlier study by van Woerden 
et al. (1975) from H I studies, and Sabbadin et al. 
(1984) from Ha ones. 

Figure 9 (bottom right) displays the global vc- 



8 



locity dispersion field (corrected as indicated in 
Section 4.2). As can be seen, NGC 4449 presents 
low velocity dispersion values at its eastern and 
western sides, no larger than 25 km s _1 . How- 
ever, the velocity dispersion values increases as one 
moves towards the interior of the galaxy, reaching 
40 km s _1 . The extreme values occur at the SNR 
location, as well as at some places along the bar, 
with values in a range of 45-60 km s _1 . Our re- 
sults along the bar are in good agreement with 
the velocity dispersion map presented by Fuentes- 
Masip et al. (2000), and in disagreement with 
Malumuth et al. (1986), who obtained larger val- 
ues (by about a factor of two) at the same lo- 
cations. The latter authors may have precluded 
the signifance of a loss of parallelism in their FP 
plates. 

The recession velocity of the nucleus (which has 
been indicated with a cross in Figure 10) is 220 
± 4 km s _1 , in excellent agreement according to 
Sabbadin et al. (1984, 223 ± 5 km s" 1 ) and within 
the errors published in Fouque et al. (1992, 216 
± 28 km s" 1 ). With respect to our [S II] data 
cubes, we generally find a good agreement (where 
the signal/noise was high enough) with other Ha 
radial velocity studies cited earlier in this paper. 

4-1.1. Local Superimposed Motions 

Besides the NE-SW velocity decrement in ra- 
dial velocities, an intruiging substructure appears 
in our map: two ring-like structures (one of them 
located at the NW of the galaxy and embracing 
our regions V74 and V75; the other structure lo- 
cated at the north end of the bar enclosing our 
regions V18, V34, V49 and V53) are seen. Such 
structures are noticeable in Figure 9 (top and bot- 
tom left) and are comprised of both H II regions 
as well as diffuse emission. When one studies the 
H II regions alone -Figure 9 (top right)- we note 
that such structures are not so apparent. We actu- 
ally find a spatial correspondence of the the second 
ring (described above) with a peculiar behavior of 
the magnetic vectors at this location. In Figure 3 
of Chyzy et al. (2000), a divergence in the polariza- 
tion vectors occurs at low values (sometimes actu- 
ally reaching zero), at this ring-like structure. As 
the optical radial velocity field is somewhat chaotic 
at this locale, it may be expected that magnetic 
fields do, to some degree, trace such gas kinemat- 
ics (Beck and Urbanik, priv. comm.). 



Furthermore, in Figure 9 (top and bottom left) 
we find superbubbles, filaments and giant H II 
complexes which have also been observed in previ- 
ous studies (Hunter & Gallagher 1997; Bomans et 
al. 1997). As far as the giant filament 6 (Hunter 
& Gallagher 1992) is concerned, we are able to 
only see it when spatial filtering was applied to our 
monochromatic chart. More details of our analysis 
in this filament and in other filaments -as well as 
detailed results about the superbubble and SNR 
populations- will be given in a forthcoming paper 
(Valdez-Gutierrez et al. 2003, in preparation). 

Extreme values in detected velocities (such as 
those arising from the internal motions of the su- 
perbubble, SNR and filament populations) may 
not properly be deduced in our Figure 9 since 
we selected our palette to enhance the velocity 
gradient along the major axis. However, as dis- 
cussed in the next section, when the kinematics of 
these populations are analysed in detail, a complex 
and rather chaotic behavior emerges. In our map, 
there are some regions where abrupt radial veloc- 
ity gradients appear: for example, at the north 
end of the bar -where there are some clues that 
some superbubbles are blending- and at the lo- 
cation of the superluminous SNR. Indeed, at the 
latter zone there is an H I hole and the filaments 5 
and 6 reported by Hunter & Gallagher (1992) lie 
at the borders of an H I ridge. 

In the surrounding velocity field outside of the 
bar, we find regions characterized by both large 
radial velocities and high velocity dispersions (de- 
tails in the next section), in accord with Malu- 
muth et al. (1986). Such locations are places 
where filaments and superbubbles have been re- 
ported (Scowen 1992; Bomans et al. 1997; Martin 
1998). 

To explore this farther, we have analysed the 
radial velocity field at the seven locations where 
Malumuth et al. (1986) report strong radial veloc- 
ity gradients (see their Figure 6 and our Figure 11 
top right). After a detailed kinematical analysis - 
employing profile decompositions at those locales- 
our results agree qualitatively with Malumuth's 
and with our values reported for the diffuse ion- 
ized component (see below). We also find that 
the seven Malumuth's regions are coincident (at 
least in projection) with filaments or superbub- 
bles. Due to the presence of such objects, the 
scenario proposed by Hartmann et al. (1986) in 
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which gas cloud infall is generating such kinemat- 
ics, could possibly be discarded. However, in or- 
der to elucidate the origin of the local, steep ra- 
dial velocity gradients at the above mentioned lo- 
cations, detailed kinematical studies have to be 
performed. With respect to the velocity field at 
those locales where Hill et al. (1998, see their Fig- 
ure 14) postulated that star formation propagated 
in a stochastic manner, we find that the radial ve- 
locity profiles there are often complex, admitting 
more than one component (as can be seen in our 
Table 4). Such locations spatially correspond to 
regimes where H II complexes, filaments and bub- 
bles are seen in projection. 

We have already noted that the global veloc- 
ity field in NGC 4449 is moderately well behaved, 
but becomes increasingly chaotic as one consid- 
ers smaller scales (as discussed in the the sections 
which follow). Also, the projected borders of the 
bar exhibits abrupt gradients in radial velocity and 
in velocity dispersion. What we therefore encoun- 
tering here in the optical inner part of NGC 4449 
is a highly perturbed medium due to an intense 
star forming rate - high compared to other Irrs 
(Hunter et al. 1999). The star formation rate in 
this galaxy is undoubtedly enhanced by bar-like 
gravitational well. We strongly believe that all of 
these kinematical and dynamical features suggest 
a prior encounter of this galaxy with the Irr DDO 
125. This scenario was proposed by Hunter et al. 
(1998) based on H I data covering a spatial extent 
of about 67'x67'. Later, Theis & Kohlc (2001) 
performed numerical simulations which reinforced 
such a scenario. 

4.2. Kinematics of the H II Regions in 
NGC 4449 

Figure 10 shows the Ha monochromatic im- 
age of NGC 4449 (continuum subtracted) obtained 
from our FP cubes using the method described in 
Section 2. Superimposed on this image are the 
rectangular boxes (see Section 2.2) from which the 
radial velocity measurements of the observed H II 
regions have been computed. We obtained the ra- 
dial velocity profiles of these sources by integrat- 
ing within these rectangular boxes. We will refer 
to these profiles as "integrated" because they are 
obtained by integrating over the whole extent of 
the H II region. We also mark the position of the 
SNR with a filled circle. 



In general, one single Gaussian function may 
be used for fitting the integrated radial velocity 
profiles. Only in five cases (V34, V56, V64, V65 
and V76) are the integrated velocity profiles more 
complex. In these cases, we carried out a profile 
decomposition using two Gaussian functions. In 
these cases, we list the second velocity components 
(obtained from our profile fitting) in columns 4 
and 6 of Table 4. 

Table 4 catalogues the kinematics of the H II re- 
gions throughout the optical extent of NGC 4449 
spanned by our observations. We have labeled 
each region VI, V2, ... in column 1; cross iden- 
tification of these regions in previously published 
papers are listed in column 2; the peak velocity is 
listed in columns 3 and 4; velocity dispersion val- 
ues (from fitting a Gaussian to the radial velocity 
profiles) may be found in columns 5 and 6. Col- 
umn 7 lists young stellar groups associated with 
our regions VI, V2, ... . while comments on the 
sources appear in column 8. In these comments, 
"a" denotes asymmetric profiles, while "s" demar- 
cates symmetric ones. 

The radial velocities were corrected to the helio- 
centric system of reference. Our observational ve- 
locity dispersions (a bs = FWHM Q b s /2.354) have 
been corrected for instrumental ((Tinst), thermal 
(<Jth) and intrinsic (<Ji n trin) broadenings, accord- 
ing to: 

2 _ 2 _ 2 _ 2 _ 2 

corr obs inst th intrin 

where Oi nst = 21.7 km s _1 , a t h = 9.1 km s^ 1 
for hydrogen gas at T e =10 4 (Spitzer 1978) and 
Qintrin = 3 km s -1 for the fine structure of the 
Ha line. The resulting <r corr is also referred as 
the turbulent velocity dispersion by some authors. 
The accuracy in the determination of peak veloc- 
ities as well as error determinations in the fitting 
of radial heliocentric velocities and velocity disper- 
sions related to PUMA data, have been previously 
reported in Rosado et al. (2001). 

As can be seen in this Table, the H II region he- 
liocentric radial velocities (of single profiles) range 
from 183 (source V22) to 254 km s" 1 (source V13). 
Within errors, these values are in agreement with 
previously published values (Crillon & Monnct 
1969; Sabbadin et al. 1984; Malumuth et al. 1986). 
When compared to the study of Fuentes-Masip et 
al. (2000), our radial velocities show a tendency to 
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be universally lower. By means of a least squares 
fit, the best slope value to Fuentes-Masip veloci- 
ties is 0.74±0.07 with a correlation coefficient of 
0.9; the amount of the difference reaches 14 km 
s _1 in the most extreme cases. 

On the other hand, some extreme velocities 
were detected in regions with composite profiles: 
their velocity ranges from 185 (source V65) to 
352 km s _1 (source V34). Inspecting our veloc- 
ity charts, the objects related to these velocities 
are identified as H II regions coinciding (in pro- 
jection) with filaments discovered by Sabbadin & 
Bianchini (1979), Scowcn (1992), Hunter & Gal- 
lagher (1997), Bomans et al. (1997) and Martin 
(1998). 

The corrected velocity dispersions are super- 
sonic for most of the objects, with values ranging 
from 11.8 to 37.4 km s _1 with a mean value of 
22.8 km s _1 . This is in agreement with Fuentes- 
Masip et al. 2000 who measured 44 H II regions 
belonging exclusively to the bar. Some relatively 
isolated H II regions or H II regions being part of 
a complex, had low S/N ratios and consequently 
the determinations of peak velocity and velocity 
dispersion were uncertain. Such cases are marked 
with a "u" in column 2 of Table 4. 

Young stars related to our H II regions are in- 
dicated in Column 7 of Table 4. Such informa- 
tion is based on a previous study by Hill et al. 
(1998). Hill et al. (1998) identified the locale of 
OB associations (as well as complexes of OB as- 
sociations) using ratios of far ultraviolet (FUV) 
and optical imaging. In that analysis, OB associ- 
ations and OB complexes were studied by defining 
'small' and 'large' apertures, respectively. Column 
7 of Tabic 4 indicates the young stellar content ac- 
cording to the work of Hill et al. (1998): a number 
followed by a capital letter refers to a 'large' aper- 
ture while stand-alone numbers indicates the use 
of 'small' apertures (see Tables 5 and 8 in Hill et 
al. 1988). In that column, a blank space means 
that there is no indication of a young stellar pop- 
ulation in Hill's data, or that some of our regions 
were not covered by their observations. In gen- 
eral, the most notable complexes show a spatial 
correlation with young stellar associations. Fu- 
ture studies with better resolution and sensitivity 
at both wavelengths (than those available to Hill 
et al. 1998) will undoubtedly provide further in- 
sight here. 



4.3. Kinematics of the Diffuse Ionized Gas 
in NGC 4449 

We have already noted that NGC 4449 presents 
a diffuse, ionized gaseous component which per- 
meates almost the entire optical extent of the 
galaxy. The nature of the diffuse ionized gas - 
also called DIG or warm ionized medium (WIM)- 
which is found in the form of shells, loops, and a 
widespread unstructured diffuse background, has 
become a field of intense research. Review papers 
may be found in Reynolds (1991, 1993). 

In view of the fact that our observations cov- 
ered the optical disk of NGC 4449, we performed a 
detailed analysis of the properties of its extended 
DIG (i.e. the widespread diffuse background). 
Contrary to what we find in the Local Group Irr 
IC 1613 (Valdez-Gutierrez et al. 2001), the DIG 
in NGC4449 is more turbulent and reflects the in- 
fluence of its activity at local scales (see below) 
and at global scales (see next section). 

Concerning DIG photometric properties in 
NGC 4449, we find a gradual increment in sur- 
face brightness values as one moves from the out- 
skirts of the galaxy towards the inner regions (see 
Figure 11, top left). In this way, surface bright- 
ness values at the outlying periphery of NGC 4449 
range from 3.165xl0~ 5 to 2.215xl0~ 4 erg cm~ 2 
s" 1 steradian- 1 (or 4.17xl0 35 - 2.91 xlO 36 ergs" 1 
in luminosity units) at the inner regions surround- 
ing the brightest H II complexes. These values arc 
approximately smaller by a factor of four than 
those found by Fuentes-Masip et al. (2000, see 
their Figure 2) in the diffuse gas at the bar loca- 
tions. However, our values found for the DIG in 
the outer extremities of the disk correspond well 
with those found by Hunter & Gallagher (1990) 
at the locations of two loops along the bar. The 
corresponding emission of the outlying DIG is 
EM ~ 280 cm~ 6 pc, which falls in the range 
obtained by Hunter & Gallagher (1990). 

We also compute the total DIG luminosity 
in NGC 4449. The DIG luminosity we find is 
5.49xl0 39 erg sec -1 (or 3.35xl0~ 12 erg cm~ 2 
sec -1 ), which is ^10% the total Ha luminosity re- 
ported by Hunter et al. (1999). Previous measure- 
ments of the DIG fraction in this galaxy (Hunter 
& Gallagher 1990) report a range of 15-20% of the 
total Ha luminosity. The disagreement with our 
value undoubtedly resides in the deeper observa- 
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tions performed by Hunter and collaborators. In 
the Large Magellanic Cloud, the DIG contribu- 
tion is estimated to be about 15-25% of the total 
Ha flux (Kcnnicutt & Hodge 1986). These values 
are very small compared to the DIG luminosity in 
some spirals, which may amount to 30% or even 
50% of the total Ha luminosity (Ferguson et al. 
1996). 

The kinematics of the DIG is displayed (accord- 
ing to the entire spatial distribution) in Figure 11 
(top right). We show there the DIG's radial veloc- 
ity field. To compute this, the H II regions were 
subtracted from the whole field (the procedure was 
explained earlier, in Section 2.1). In this map, a 
decreasing gradient of radial velocities from NE to 
SW can be noted, which follows the tendency al- 
ready seen in the total ionized gas content (H II 
regions plus DIG; see previous sections), and in 
agreement with previous results (Section 4.1). Lo- 
cally, part of the ring-like structure (discussed in 
Section 4.1.1), can barely be disentangled at the 
north end of the bar. With respect to the veloc- 
ity dispersion in the widespread DIG, we find an 
increment in their values, from the peripheral op- 
tical domains of NGC 4449, towards the interior 
of the disk. The total displayed range in veloc- 
ity dispersion is ^70 km s _1 , varying from around 
10 km s _1 to ^75 km s _1 . The maximum value 
we detected lay at the east of our region V65 (see 
Figure 10). Moreover, values larger than 50 km 
s _1 were also found east of the bar (between our 
regions V41, V42 and V52), as well as west of the 
nucleus. The latter locales lie close to our boxes 
V56, V83, V84; also at the NE sector of the bar 
(between our regions V33, V47 and V30), and at 
the vicinities of the SNR (surrounding our region 
V55). 

In order to quantitatively analyse the kinemat- 
ical properties in the widespread DIG in NGC 
4449, we performed a profile decomposition at a 
few locations. The DIG radial velocity map dis- 
played in Figure 11 (top right), was used to define 
boxes at different positions of interest. We then 
performed a profile decomposition within such 
boxes, as in section 4.2. In this way, we could then 
secure kinematical properties of the DIG in terms 
of heliocentric radial velocities and corrected ve- 
locity dispersions. The zones which displayed very 
peculiar profiles were those surrounding the bar, 
coinciding in many cases with regions where Malu- 



muth et al. (1986) suggested a gas infall. Their 
positions are indicated in Figure 11. These lo- 
cales coincide -at least in projection- with posi- 
tions where filaments or shells have been reported 
(Hunter & Gallagher 1992; Scowcn 1992; Bomans 
et al. 1997; Martin 1998). Characteristic of NGC 
4449 is its network of filaments, loops, shells, and 
the like. Pertaining to the profile decomposition 
we performed at Malumuth's locations (see their 
Figure 6), we are confident they indeed are rep- 
resentative of the profiles at any location in the 
pervasive DIG of NGC 4449. Some examples of 
typical profiles we find at four of the Malumuth et 
al. (1986) locations are shown in Figure 12. 

In general, the DIG profiles are very complex 
(multi-component fits required per profile) at al- 
most all locations. The main component in these 
profiles always retained values of ±23 km s _1 from 
the systemic velocity (220±4 km s _1 ). Beside this 
main component, we find blue and red compo- 
nents: the blue one having a range of 117 to 144 
km s _1 while the red component ranged from 275 
to 332 km s _1 . With respect to the velocity dis- 
persions, the DIG values in the main component 
reaches up to four times the velocity dispersion of 
the nearest H II region (see box 3, which is spa- 
tially in contact with regions V60, V64 and V65). 
The resulting DIG velocities and velocity disper- 
sions were larger than the values we secured for 
the H II regions closest to the DIG boxes. We do 
however caution that fits to more than one compo- 
nent at such locations are to be treated carefully, 
given high perturbations in the velocity field (as 
already alluded to in our previous discussions). 

From our results of the global DIG maps (both 
in radial velocity and in velocity dispersion; see 
Figure 11) as well as from our profile decom- 
position, we find that some locations inside the 
widespread DIG in NGC 4449 show a truly chaotic 
kinematical behavior. It is tempting to postulate 
that some of the DIG locations we analysed have, 
as a source of their fueling, energetic photons es- 
caping from H II complexes. Of course for the 
very widespread DIG over the disk of NGC4449, 
any inference with star forming regions and DIG 
is, at best, indirect. 

Let us reflect back on the dynamical history 
of NGC 4449. After a likely interaction with the 
Irr DDO 125, (Hunter et al. 1998; Theis & Kohle 
2001) a bar potential took form, in which gaseous 
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infall and star formation is taking place on a highly 
efficient basis (Malumuth et al. 1986). Other sec- 
ondary manifestations (aftermaths of the interac- 
tion) could be the loops, shells, filaments, etc: 
clear signatures of the highly perturbed velocity 
field. Indeed, a past interaction experienced by 
NGC 4449 could be the crucial factor as to why 
the ISM in this galaxy is so active and peculiar. 

5. The Optical Rotation Curve of NGC 
4449 

Given that we have kinematical data for the 
ionized gas spanning the entire optical disk, the 
next step is obviously to derive the rotation curve. 
However, we must point out that irregular galaxies 
invariably show low rotation velocities because of 
their low masses. 

For NGC 4449, we calculate the rotation curve 
using the radial velocities resulting from our FP 
cubes. First, we use the first moment map or ra- 
dial velocity chart, and we apply a mask. The 
mask is constructed using the monochromatic map 
previously cleaned at 3a times the mean value of 
the background. In this way, we obtain a radial 
velocity field with non-zero values in the positions 
where there is Ha emission. We then calculate the 
rotation curve by using the classical formulae, as 
follows: 



where <d(Rk) is the rotation velocity at the posi- 
tion Rk, Vk is the heliocentric radial velocity at 
that position, vo is the systemic velocity, Ok is 
the azimuthal position of the data point, and i 
is the inclination of the galaxy (Mihalas & Binney 
1981). This formulae assumes that the major axis 
is oriented at 6 = 0°. 

We have developed a program which calculates 
the rotation curve once the central pixel, the sys- 
temic velocity, and the position and inclination 
angles (only points in ±20° around the major axis 
are specified) . We compute the difference between 
the receding and approaching portions of the disk 
at any galactocentric radius. While this method 
works well for spiral galaxies, caution should be 
exercised in the case of irregulars, with their low 
rotation velocities and their intrinsic disk asym- 
metries. 



For this galaxy, the dynamical center is as- 
sumed to lie at RA(2000) = 12 h 28 n T4.7 s and 
Dec(2000)=44°05'30" (which coincides with the 
photometric center). Contrary to what has been 
found for the LMC - where there is an offset be- 
tween the optical center and the HI dynamical 
center (Kim ct al. 1998) - in NGC 4449, both op- 
tical and HI centres spatially coincide (Hunter ct 
al. 1999). We adopt v = 217 km sec" 1 , PA = 25° 
and i — 43°. Comparing the computed values with 
those in other papers, our vq is in agreement with 
the value determined by Bajaja et al. (1994). 

Regarding the PA, our choice for this value dis- 
agrees with the value given in the RC3 catalog (de 
Vaucouleurs et al. 1991); We recall that RC3 val- 
ues are determined from optical Population I mor- 
phologies. In a recent work (Hunter et al. 1999), 
it is noted that the PA (in the Population I com- 
ponent) rotates E from N as the radius increases, 
indicative of the presence of a stellar bar poten- 
tial. Thus, the disagreement of our PA with that 
in RC3 might conceivably be due to the fact that 
in this study we are exclusively dealing with the 
ionized gas component. Finally, our inclination (i) 
agrees extremely well with Tully (1988). 

The resulting rotation curve is shown in Fig- 
ure 13. From this Figure we can see that the gas 
in this galaxy rotates slowly around the bar per- 
turbation with a maximum velocity value of ~ 40 
km s _1 at a radius of 2 kpc in the NE; on the 
contrary, the rotation curve displays substantial 
velocity gradients at the SW zone. 

It should be noted that the NE side of the 
galaxy (the receding side) shows a smooth behav- 
ior which can be fitted by solid body rotation. In 
contrast, the approaching side is less populated 
with H II regions and the results are quite chaotic 
on local scales. Given the likely scenario of NGC 
4449 having undergone an interaction in the past 
(Hartmann et al. 1986; Hunter et al. 1998; Kohlc 
1999; Theis 1999; Theis & Kohle 2001), the highly 
perturbed radial velocity field in approaching side 
may bear some former signature of the interaction 
with DDO 125 (Hunter et al. 1998). 

When we compare our results with the H I rota- 
tion curve calculated by Martin (1998), the agree- 
ment is good to within 30% of the measured values 
(she reports 30 km s _1 at 2 kpc). From optical 
studies, Malumuth et al. (1986) report a line-of- 
sight rotation velocity of 15 km s _1 in the bar. In 
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this case, our velocity map in Figure 9 displays a 
line-of-sight rotation velocity of around ~ 20 km 
s -1 . Taking into account our uncertainties -see 
Rosado et al. (2001) - the agreement is good. 

Using our derived optical rotation curve, we cal- 
culate the mass inside the limiting radius reached 
by our observations. Taking the receding side in 
our rotation curve, the mass inside the optical ra- 
dius of about 2 kpc, is 7.2 x 10 8 M Q . This result 
is in agreement with the optical mass derived in 
a previous work (Thcis & Kohlc 2001). Using our 
derived mass value, we determine the central den- 
sity in NGC 4449; we derive a value p= 0.021 M Q 
pc~ 3 . This value is in excellent agreement with 
the average value p c — 0.02 M© pc -3 , recently 
found for galactic halo central densities (Firmani 
et al. 2000, 2001). It is interesting to note that 
the central halo densities are almost independent 
of galactic mass -whether dealing on galactic or 
galaxy cluster scales- in frameworks of cold dark 
matter cosmologies. 

In summary, we quantitatively find that the 
ionized gas in NGC 4449 is rotating weakly, as has 
been suggested previously (Sabbadin et al. 1984; 
Hartmann et al. 1986). However, solid body ro- 
tation is only applicable for the NE sector of the 
disk. The SW side demonstrates abrupt radial ve- 
locity gradients, with differences greater than 100 
km s _1 for regions practically in contact (at least 
in projection). Due to substantial uncertainties in 
many of our data points at those SW locations, 
we did not deem it fit to determine the nature of 
the SW side rotation pattern in any further detail 
than explored here. 

6. Comparison Against the H I Compo- 
nent 

NGC 4449 has been recently studied in the H I 
content by Hunter et al. (1999). The spatial and 
velocity resolution in that analysis was 9'.'8 x 7'.'78 
and 10 km s _1 , respectively. In our discussion 
here, we focus on the H I component which spa- 
tially corresponds with our optical observations 
(Figures 14 and 16 in Hunter et al. 1999). 

In the optical body of the galaxy, the H I veloc- 
ity field follows the behavior which we determined 
for the ionized gas (compare our Figure 9 with Fig- 
ure 14 in Hunter et al. 1999). In the NE side of the 
optical body, the H I velocity field presents values 



of the order of 240 km s , while it decreases in the 
SW sector, to values of order 190 km s _1 . As one 
approaches the outermost detected peripheries in 
the H I distribution (inside the inner 13'/4), the 
velocity field is rather complex. Farther to the 
SW, the H I velocity field increases in value (up to 
350-400 km s^ 1 ). This also includes the locale of 
the "arc" (west of the photometric center) already 
described in Section 3. On the other hand, going 
farther to the NE, the H I velocity field decreases 
to values of 150-190 km s" 1 . The outer H I coun- 
terrotates relative to the inner H I. The complex 
behavior shown by the H I velocity field is proba- 
bly a result of the interaction between NGC 4449 
and DDO 125 (Thcis & Kohlc 2001). 

The H I velocity dispersions inside the limits of 
the optical disk are of the order of 15- 35 km s _1 . 
Along the optical bar, the highest values (25-27 
km s _1 ) correspond to three locales, as also found 
in this work and by Malumuth et al. (1986). Going 
to the NE end of the bar, the velocity dispersions 
experience an increment in their values, reaching 
35 km s _1 around the location where we report 
a ring-like feature (section 4.1.1), encircled by re- 
gions V25, V31, V34, and V48. For the remainder 
of the northern sector of the disk, the velocity dis- 
persions lie in the range of 12.5-20 km s _1 . In 
the optical disk, the H I velocity dispersion field 
shows the same behavior we calculated with our 
FP data. The main difference is that the ionized 
gas presents higher velocity dispersions - of order 
2 times those in H I (compare our Figure 9 with 
Figure 16 in Hunter et al. 1999). 

This galaxy clearly does not present a classical 
picture of a symmetric global velocity field in H I; 
most likely again due to the interloper DDO 125 
(Hunter et al. 1998; Thcis & Kohle 2001). The 
H I column density distribution also betrays hints 
of a past interaction. The peak of the H I column 
density is located far away from the optical center, 
at a distance of approximately 50", which corre- 
sponds to 900 pc. Also, as noted by Hunter et al. 
(1999), there is little detailed correlation between 
the column density of the H I gas and the presence 
of H II regions. 

7. Conclusions 

We have successfully performed a detailed kinc- 
matical and dynamical analysis of the entire ion- 
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ized gas content in the nearby irregular galaxy 
NGC 4449, by means of Fabry-Perot interferom- 
etry. The analysis has been accomplished sepa- 
rately on both global as well as local scales and 
several of our conclusions are new. 

On local scales, we focused our attention on the 
H II region population, extracting radial velocities 
and velocity dispersions. In this way, we present, 
for the first time, the most extensive kinematical 
catalog of the H II regions in this galaxy yet pub- 
lished. We find that the H II region population 
shows similar integrated properties when com- 
pared to kinematical data previously obtained in 
the relatively isolated irregular IC 1613 (Valdez- 
Gutierrez et al. 2001). The latter statement also 
applies to the velocity dispersions in the star form- 
ing regions: in both galaxies, they are approx- 
imately identical. Moreover, in many cases we 
did detected velocity profiles indicative of a com- 
plex structure not fitted by single gaussian curves. 
These profiles are undoubtedly related to the high 
perturbed radial velocity field, which shows traces 
of a plethora of superbubbles, filaments and a very 
active (and widespread) diffuse ionized gas span- 
ning the entire optical disk. Statistically, using 
the H II region diameter distribution and the H II 
region luminosity function, we find that the star 
forming complexes are typical of those obtained 
for larger samples of irregulars. 

We furthermore analysed the kinematical prop- 
erties of the diffuse ionized gas (DIG) on global 
scales by means of radial velocity and velocity dis- 
persion fields; locally, we explored the kinematics, 
making use of profile decomposition. As far as we 
are aware, this is the first time that such an analy- 
sis has been performed in this object. Our results 
point towards a highly chaotic medium, especially 
at those locations close to the brightest H II com- 
plexes in the bar. We postulate that the chaotic 
radial velocity field induces local compression en- 
suring the propagation of stochastic star formation 
-as also discussed by Hartmann et al. (1986). 

On global scales, we find a relatively well be- 
haved radial velocity field, showing a decreas- 
ing gradient in radial velocity along the optical 
bar from NE to SW, suggesting solid body rota- 
tion. This result agrees well with previous kine- 
matical results (Valdez-Gutierrez et al. 2000, and 
references therein). We believe that NGC 4449 
presents solid body rotation (albeit at low rota- 



tion velocities) north of the optical center. Reli- 
able fits are not possible in the southern sector of 
the disk, due to the chaotic motions at those lo- 
cales. The inner H I kinematics (inner 13f 4) also 
shows a good correspondence with the optical ra- 
dial velocities we find in this study. 

In general, our kinematical and dynamical find- 
ings for the ionised gas in NGC 4449 are fully con- 
sistent within the framework of a past interaction 
with DDO 125. 
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Table 1 

ngc 4449 global properties and observed quantities 



Parameter 


Value 


Reference 


Name 


NGC 4449 




Type a 


I(B)m 


Tully (1988) 


R.A. (2000) b 


12 h 28 m 13!1 


de Vaucouleurs et al. (1976) 


Dec (2000) b 


+44° 05' 43" 




Distance 


3.7 Mpc 


Bajaja et al. (1994) 


B magnitude 01 


-18.5 


Schmidt & Boiler (1992) 


Angular size 6 


5'.Sx4'.5 


LEDA 


Radial velocity f 


211 km s- 1 


NED 


Axial ratio 


0.77 


Tully (1988) 


Inclination 


43° 


Tully (1988) 


RA.e 


45° 


de Vaucouleurs et al. (1991) 


M tot ° 


7xl0 10 M Q 


Bajaja et al. (1994) 


Mhi° 


2.3xl0 9 M© 


Bajaja et al. (1994) 


HI extent 


43x70 kpc 


Bajaja et al. (1994) 


L B h 


2.1xl0 9 L B 


Martin (1998) 


(M/L)» h 


11 


Martin (1998) 


SFR 


0.47 M yr" 1 


Hunter et al. (1999) 


Log L(Ha) i 


40.82 erg s" 1 


Hunter et al. (1999) 



a Morphologycal type. 
b Photometric center position. 

°Distance, total mass, H I mass and H I extent adopted in this 
work. 

d Absolute B magnitude. 

e Optical extent. Isophotal diameter at 25 m per arcsecond 
squared. 

' Optical heliocentric radial velocity. The error in this measure- 
ment is ± 15 km s _1 . 

s Position angle measured on the stellar component. 

h B4}and luminosity (where M B =5.48) and stellar mass to blue 
light ratio in absence of dark matter. 

'Star formation rate and log of the Ha luminosity. 
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Table 2 

PUMA observations of NGC 4449 



Mode a 


Filter 


bin b 


t c 


Date 


Comments 


FP 


Ha 


2 


5760 


09.01. 


1997 


2 datacubes 


FP 


[SII] 


2 


5760 


20.06. 


1998 


2 datacubes 


D 


Ha 


2 


120 


10.01. 


1997 




D 


[SII] 


2 


120 


10.01. 


1997 




D 


[OIII] 


2 


300 


10.01. 


1997 




D 


[Nil] 


2 


120 


10.01. 


1997 




D 


Ha 


1 


60 


20.06. 


1998 




D 


[SII] 


1 


120 


20.06. 


1998 




D 


[OIII] 


1 


120 


20.06. 


1998 




D 


[Nil] 


1 


120 


20.06. 


1998 




D 


Ha 


1 


30 


20.06. 


1998 


Standard star 


D 


Ha 


1 


30 


20.06. 


1998 


Standard star 


D 


Ha 


4 


60 


11.02. 


1999 


Position 1 


D 


Ha 


4 


300 


11.02. 


1999 




D 


Ha 


4 


60 


11.02. 


1999 


Position 2 


D 


Ha 


4 


300 


11.02. 


1999 




D 


Ha 


4 


60 


11.02. 


1999 


Position 3 


D 


Ha 


4 


300 


11.02. 


1999 





a Mode of observation: FP= scanning Fabry-Perot observa- 
tions, D= direct imaging. 

b Binning. 

c Total integration time in seconds. 
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Table 3 

Photometry for the H II regions in NGC 4449 



ID 


Other IDs 


D 

(pc) 


log F(Hct) 

— 2 — 1 

erg cm s 


log L(Ha) 
_ i 

erg s 


log S(Ha) 

— 2 —1 i - 

erg cm z s 1 stcradian 


Ml 


3 


59.1 


-13.91 


37.31 


-4.22 


M2 


4 


68.1 


-13.67 


37.54 


-4.11 


M3 


6,7, VI 


129.9 


-12.78 


38.44 


-3.78 


M4 


8 V2 


49.0 


-13.91 


37.30 


-4.07 


M5 


9 V3 


67.7 


-13.58 


37.63 


-4.01 


M6 


12 V4 


52.1 


-13.94 


37.28 


-4.14 


M7 


13 14 16 V5 


99.4 


-12.96 


38.25 


-3.73 


M8 


15 V6 


66.4 


-13.78 


37.42 


-4.20 


M9 


17 


48.4 


-13.61 


37.60 


-3.75 


M10 


18 19 V7 


39.1 


-14.33 


36.89 


-4.28 


Mil 


20, V8 


67.9 


-13.09 


38.12 


-3.53 


M12 


21, V9 


57.1 


-13.60 


37.62 


-3.88 


M13 


22, V10 


51.1 


-14.03 


37.18 


-4.22 


M14 


23, V8 


76.1 


-12.95 


38.26 


-3.49 


M15 


24, V8 


103.0 


-12.61 


38.60 


-3.41 


M16 


26 27 V1 1 


80.7 


-13.43 


37.78 


-4.02 


M17 


28 31 V12 


68.2 


-13.46 


37.75 


-3.90 


M18 


34 35 37 38 39 41 43 VI 5 


183.3 


-12.21 


39.00 


-3.51 


M19 


36 


45.3 


-13.85 


37.36 


-3.94 


M20 


40 V16 


49.4 


-13.78 


37.44 


-3.94 


M21 


44 V17 


105.6 


-13.47 


37.74 


-4.29 


M22 


45 


34.7 


-14.17 


37.05 


-4.02 


M23 


47, V18 


94.1 


-12.91 


38.31 


-3.63 


M24 


48 54 VI 9 V23 


89.7 


-13.38 


37.84 


-4.06 


M25 


50,55,59, V20 


164.5 


-12.13 


39.09 


-3.33 


M26 


51 58 V21 


87.6 


-13.27 


37.94 


-3.93 


M27 


52,56,57, V24 


83.2 


-13.12 


38.09 


-3.73 


M28 


53 V22 


91.0 


-13.80 


37.41 


-4.49 


M29 


62 64 


83.2 


-13.59 


37.63 


-4.20 


M30 


63 


71.8 


-13.65 


37.56 


-4.14 


M31 


73 


63.6 


-13.99 


37.23 


-4.37 


M32 


75, V27 


184.4 


-11.68 


39.53 


-2.98 


M33 


76, V28 


63.5 


-13.33 


37.88 


-3.71 


M34 


78 


82.0 


-13.44 


37.78 


-4.04 


M35 


79, V29 


83.3 


-13.21 


38.00 


-3.83 


M36 


81,82, V30 


127.5 


-12.66 


38.55 


-3.65 


M37 


83 


71.2 


-13.67 


37.55 


-4.14 


M38 


84, V31 


66.6 


-13.50 


37.72 


-3.92 


M39 


86, V32 


57.8 


-13.66 


37.56 


-3.95 


M40 


89, V33 


104.5 


-12.81 


38.40 


-3.61 


M41 


90, V32 


38.8 


-14.17 


37.04 


-4.12 


M42 


91 


60.3 


-13.07 


38.15 


-3.40 


M43 


92,103 


75.5 


-13.24 


37.98 


-3.77 


M44 


93,107,108, V34 


138.3 


-12.84 


38.38 


-3.89 


M45 


94,99,116 


134.4 


-12.60 


38.61 


-3.63 


M46 


96, V35 


82.2 


-13.72 


37.50 


-4.32 


M47 


98, 105, V36 


77.6 


-13.58 


37.63 


-4.13 


M48 


100, V37 


90.1 


-13.63 


37.59 


-4.31 


M49 


108, V38 


130.4 


-12.35 


38.86 


-3.35 


M50 


111, V39 


64.4 


-13.35 


37.87 


-3.74 


M51 


112, V40 


117.9 


-12.56 


38.66 


-3.47 


M52 


113,115, V41 


71.6 


-13.43 


37.78 


-3.92 


M53 


114, V42 


115.7 


-12.72 


38.50 


-3.62 
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Table 3 — Continued 



ID 


Other IDs 


D 


log F(Hct) 


log L(Ha) 


log S(Ha) 






(PC) 


erg cm" 2 s _1 


erg s _1 


erg cm~ 2 s _1 stcradian -1 


M54 


117,121, V39 


109.5 


-12.73 


38.48 


-3.58 


M55 


118, V43 


66.0 


-13.87 


37.34 


-4.28 


M56 


119,123, V44 


87.2 


-12.78 


38.44 


-3.43 


M57 


125, V45 


94.5 


-12.84 


38.38 


-3.56 


M58 


126,127, V46 


151.4 


-12.30 


38.91 


-3.43 


M59 


128,129, V41 


91.0 


-12.94 


38.27 


-3.64 


M60 


131,137, V41 


67.1 


-13.22 


38.00 


-3.64 


M61 


132,134, V45 


97.8 


-12.62 


38.59 


-3.37 


M62 


133, V47 


112.9 


-12.53 


38.67 


-3.41 


M63 


138,146,158, V49 


123.8 


-12.48 


38.73 


-3.44 


M64 


139,140, V48 


72.4 


-13.30 


37.92 


-3.79 


M65 


142,150,151,157, V50 


136.0 


-12.33 


38.89 


-3.37 


M66 


152, V51 


92.5 


-13.03 


38.19 


-3.73 


M67 


153,159, V49 


86.4 


-12.90 


38.31 


-3.54 


M68 


161, V52 


85.0 


-13.08 


38.13 


-3.71 


M69 


165,169,172,186,188, V53 


128.6 


-12.66 


38.56 


-3.65 


M70 


167 


54.8 


-13.60 


37.61 


-3.85 


M71 


168, V55 


64.8 


-13.40 


37.81 


-3.80 


M72 


170,171, V56 


70.9 


-12.87 


38.34 


-3.34 


M73 


173 


51.4 


-13.79 


37.43 


-3.98 


M74 


180, V58 


77.9 


-13.31 


37.90 


-3.87 


M75 


181,182, V59 


98.5 


-13.17 


38.05 


-3.93 


M76 


183, V60 


87.5 


-13.20 


38.00 


-3.86 


M77 


185,187, V61 


142.6 


-12.43 


38.79 


-3.51 


M78 


191 


70.6 


-13.07 


38.15 


-3.54 


M79 


192 


100.7 


-12.64 


38.58 


-3.41 


M80 


199,200 


51.1 


-13.58 


37.63 


-3.77 


M81 


202 


93.9 


-13.21 


38.01 


-3.93 


M82 


203, V65 


84.7 


-12.85 


38.35 


-3.48 


M83 


204, V66 


81.7 


-13.60 


37.61 


-4.20 


M84 


208,209, V67 


89.5 


-12.70 


38.50 


-3.38 


M85 


212, V69 


107.4 


-12.66 


38.55 


-3.49 


M86 


218,219, V71 


111.4 


-12.98 


38.24 


-3.84 


M87 


220, V72 


95.9 


-12.29 


38.91 


-3.03 


M88 


221,222, V73 


78.7 


-12.50 


38.70 


-3.07 


M89 


224,225,227, V74 


132.0 


-12.85 


38.37 


-3.86 


M90 


226,234, V73 


78.2 


-12.51 


38.70 


-3.07 


M91 


230,231, V75 


108.0 


-12.86 


38.36 


-3.70 


M92 


233,235, V76 


56.1 


-13.93 


37.28 


-4.20 


M93 


237,238, V77 


98.4 


-13.24 


37.98 


-3.99 


M94 


239,240,244, V78, V79 


149.9 


-12.99 


38.22 


-4.12 


M95 


245,247,248, V80 


151.2 


-12.87 


38.35 


-4.00 


M96 


249, V81 


67.8 


-13.71 


37.50 


-4.15 


M97 


250,252, V82 


127.6 


-13.25 


37.96 


-4.23 


M98 


251, V82 


81.7 


-13.63 


37.58 


-4.23 


M99 


nucleus, V84 


163.0 


-11.89 


39.32 


-3.07 


M100 


h61 


67.0 


-12.84 


38.37 


-3.26 


M101 


h66 


69.5 


-12.45 


38.75 


-2.91 
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Table 4 

Measured kinematical parameters for the H II regions in NGC 4449 



ID 


Other IDs 




D2 




C"2 


Stars 


comments 






(km s _1 ) 


(km s- 1 ) 


(km s _1 ) 


(km s _1 ) 






VI 


6 


218 




17.6 




IN, 28 


a 


V2 


8u 


230 




21.2 




IN, ■■■ 


a, dig contaminated? 


V3 


9 


220 




18.5 






s 


V4 


12 


227 




17.6 






a 


V5 


13,14,16 


231 




22.1 




2N, 23 


a 


V6 


15 


228 




22.9 






a 


V7 


18u,19u 


220 




4.3 




30, ••• 


a 


V8 


20,23,24 


236 




24.7 




2N, 24 


a 


V9 


21u 


243 




27.3 




2N, ••■ 


a, wide wings, dig? 


V10 


22 


211 




17.6 




30, ••■ 


a 


Vll 


26,27 


201 




19.5 




30, 35 


a 


V12 


28,31 


244 




26.4 




•■• ,8 


s 


V13 


29 


254 




11.8 






a 


V14 


33u,36 


231 




23.9 






s 


V15 


34,35,37,38,39,41,43 


244 




23.9 




4N, 13 


s 


V16 


40 


231 




26.4 






s 


V17 


44 


197 




14.8 






a 


V18 


47 


211 




22.1 






a, red broad wing 


V19 


48 


246 




15.1 






a 


V20 


50,55,59 


235 




21.2 




5N, 2 


a 


V21 


51,58,63u 


207 




19.5 




... )4 4 


a 


V22 


53 


183 




17.6 






a 


V23 


54 


243 




22.1 






a 


V24 


56,57 


228 




20.4 




• ■ ■ ,15 


a 


V25 


72 


232 




27.3 






a, broad red wing 


V26 


74,80 


230 




22.1 






s 


V27 


75,91 


231 




22.1 




6N, 1 


a 


V28 


76 


236 




22.1 




9N, ••■ 


a 


V29 


79 


246 




28.2 




6N, ••■ 


a 


V30 


81,82 


211 




17.6 




10B, 20 


a 


V31 


84,85,97 


216 




33.2 






a 


V32 


86,90u 


220 




17.6 






s 


V33 


89 


207 




19.5 




11B, 33 


a 


V34 


93,107,108 


216 


352 


26.2 


12.9 




double 


V35 


96 


205 




14.5 






a 


V36 


98, 105 


196 




20.4 




8B, ■•■ 


a 


V37 


100 


192 




17.6 






a 


V38 


108 


218 




19.5 




11B, 34 


a 


V39 


111,117,121 


226 




29.0 




10B, 30 


s 


V40 


112 


242 




24.7 




9N, 6 


a 


V41 


113,115,128,129,131,137 


223 




20.4 




12B, 39 


a, wide wings 


V42 


114 


221 




17.6 




12B, 38 


a 


V43 


118 


205 




20.4 






a 


V44 


119,123 


205 




18.5 




8B, 50 


a 


V45 


125u,132 


216 




18.5 




8B, 49 


a 


V46 


126,127 


236 




26.4 




13N, 4 


s 


V47 


133 


207 




22.1 




11B, 32 


a 


V48 


139,140 


219 




26.4 






s, broad red wing 


V49 


146,147,153,158,159 


222 




29.0 




14B, 31 


a 


V50 


151 


219 




30.7 




14B, ••■ 


a 


V51 


152 


219 




22.1 






a, wide wings 


V52 


161 


237 




35.7 




12B, ••■ 


s, wide wings 


V53 


165,169,172 


203 




23.4 




15N, 22 


a 



22 




Other authors log(F) [erg cm 2 s *] 

Fig. 3. — A comparison between our flux deter- 
minations with published fluxes as determined in 
other investigations. The solid line is our best fit 
to Fuentes-Masip et al. (2000), while the dotted 
one represents the diagonal. Values of the corre- 
lation coefficient (r) and the slope (b) of the least 
squares fit are given at bottom right. 
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Fig. 5. — The Ha luminosity function for the H II 
regions in NGC 4449. The dashed line is the least 
squares fit to a power law. The value of the slope 
is given at top right. 




50 100 150 



D (po) 

Fig. 6. — The cumulative size distribution for 
the H II regions in NGC 4449, where the dashed 
straight line represents a least squares fit. The 
value for the characteristic diameter is given in 
the top right hand corner. 
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Table 4 — Continued 



ID 


Other IDs 


Vl 


V2 




<?2 


Stars 


comments 






(km s- 1 ) 


(km s- 1 ) 


(km s- 1 ) 


(km s- 1 ) 






V54 


166 


227 




32.4 




• ■ • ,18 


a, dig contaminated? 


V55 


168 


223 




37.4 




• ■ • ,11 


a 


V56 


170 


192 


256 


20.4 


19.5 


16B, 37 


double 


V57 


178, 19U 


219 




29.0 




16B, 37 


a 


V58 


180 


223 




36.5 






s, top flatcd 


V59 


181,182 


215 




22.1 




•■• ,51 


a 


V60 


183 


189 




26.4 




18B, • • ■ 


a, broad red wing 


V61 


185,187 


220 




26.4 




17N, 9 


a, double;, bJNH 


V62 


186 


205 




30.7 






a, broad red wing 


V63 


192 


218 




26.4 




17N, 10 


a, SNR 


V64 


197 


188 


253 


20.4 


20.4 


18B, 45 


double 


V65 


203 


185 


255.0 


19.5 


17.6 


18B, 42 


double 


V66 


204 


207 




20.4 






a, broad blue wing 


V67 


208,209 


197 




26.4 




18B, 40 


a 


V68 


211 


218 




19.5 






a 


V69 


212 


205 




23.8 




18B, 46 


a 


V70 


213,217 


222 




29.0 




• ■ • ,21 


s 


V71 


218,219 


220 




20.4 




19N, 14 


a 


V72 


220,h66 


189 




26.4 




18B, 41 


a 


V73 


221,222,226 


196 




26.4 




18B, 43 


a 


V74 


224,225,227 


215 




22.1 




19N, 7 


s 


V75 


230,231 


219 




23.4 




19N, 12 


s 


V76 


233u,235u 


199 


288 


26.4 


22.1 




double 


V77 


237,238 


210 




17.6 




20O, 27 


a 


V78 


239,240 


211 




17.6 




220, 56 


a 


V79 


244 


218 




17.6 




220, 56 


s 


V80 


245,247,248 


214 




15.8 




220, 57 


a 


V81 


249 


205 




28.1 






a 


V82 


250,251,252 


192 




21.2 






a, broad red wing 


V83 


h61 


216 




28.1 




16B, 37 


a 


V84 


nucleus 


220 




30.7 




16B, 37 


a 



Table 5 

Aperture positions for search of Ha emission 



Position 


R. A. 


Dec 


Hunter 




(B1950.0) 


(B1950.0) 


ID 


1 


12 25 04 


43 59 11 




2 


12 25 04 


44 14 08 


Z2 


3 


12 27 05 


44 29 08 


Zl 



Note. — Units for right ascension are hours, 
minutes and seconds. Those for declination are 
degrees, arcminutes and arcseconds. The cross 
identifications in column 4, are based on the work 
of Hunter et al. (2000b). 
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V 



00.2 0.8 1.7 2.0 3.0 6.0 37.0 

Fig. 1. — A flux-calibrated Ha image of NGC 4449, free of diffuse emission (see text for further details). 
The colors are related to counts sec -1 . In order to secure Ha fluxes, luminosities and surface brightnesses, 
multiplications by factors of 1.018xl0" 15 erg cm -2 s _1 , 1.66xl0 36 erg s _1 and 1.266xl0 -4 erg cm -2 s _1 
steradian -1 , respectively, are necessitated. The scale is indicated at bottom left. North is up; East to the 
left. 
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Fig. 2. — Polygonal apertures (denned without diffuse emission; see Figure 1) were used to obtain Ha fluxes 
from the H II region population in NGC 4449. In order to display weak features, we adopted a logarithmic 
scale for the gray levels. See text for further details. Numbers correspond to our "M" sources in Table 3. 
The scale is indicated at bottom left. North is up and East to the left. 



2G 




Fig. 4. — Direct images of NGC 4449 in the lines of Ha, [S II], [N II] and [0 III]. The exposure times arc 
those reported in Table 2. The scale and the orientation are indicated in the first panel. 
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Fig. 7. — NGC 4449 Ha radial velocity maps. The channel number as well as the heliocentric radial velocity 
(in km s" 1 ) are indicated in each panel. The scale is indicated in the panel corresponding to channel 16, at 
bottom right. 
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Fig. 8. — The observed Ha global radial velocity distribution in NGC 4449 (see text for details). The 
horizontal and vertical axes correspond to the channel number and intensity (arbitrary units), respectively. 
The fit to the sky-emission lines has been performed by means of curve numbers 0, 1, 2 and 3 (see text for 
details). 
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1 20 30 40 50 60 



Fig. 9. — Top left: The observed heliocentric radial velocity field for the global content of ionized gas 
(including the diffuse emission component). Top right: As in the left panel, but for the ionized gas locally 
embedded in H II regions. Bottom left: Iso-velocities superimposed on the NGC 4449 radial velocity field. 
Bottom right: A superposition of the velocity dispersion field. Both bottom panels pertain to the global 
content of ionized gas in NGC 4449. In the radial velocity fields we have selected a palette which better 
enhances the gradient in velocity along the body of the galaxy (see text for details) . The colors are related to 
heliocentric velocities. Velocity dispersions are given in km s _1 . The scale and the orientation are indicated. 
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Fig. 10. — Our Ha monochromatic image of NGC 4449. The diffuse component as well as the H II region 
and filament populations, are readily noted. The boxes correspond to locales where we performed our 
kinematical analysis. The supernova remnant SB187 (embedded in our region V61) and the photometric 
center are indicated by a filled circle and by a cross, respectively. The scale is indicated at bottom left. 
North is up; East to the left. 
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10 20 30 40 50 00 

Fig. 11. — The widespread DIG component in NGC 4449. Top left: DIG intensities. Values are given 

in counts s -1 , and are indicated in the respective palette. In order to determine Ha fluxes, luminosities 
and surface brightnesses, multiplications by factors of 2.545xl0 -16 erg cm -2 s _1 , 4.17xl0 35 erg s" 1 and 
3.165xl0 -5 erg cm -2 s _1 steradian -1 , respectively, are required. Top right: The observed heliocentric radial 
velocity field. The boxes correspond to the locations of Malumuth et al. (1986); see text for further details. 
Bottom: The velocity dispersion field of NGC 4449. Values are given in km s _1 in the latter two maps. 
Spatial orientation and the scale are indicated. 
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.A. 



Fig. 12. — Typical DIG profiles found in NGC 4449. The numbers in the left hand corners correspond to the 
locales studied by Malumuth et al. (1986). Vertical and horizontal axes correspond to intensity (arbitrary 
units) and to channel number, respectively. 
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Fig. 13. — Our Ha rotation curve for NGC 4449. Full details appear in the main body of the paper. 
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